Abstract : This paper presents an ecological vehicle synchronized driving control system that aims at reducing overall fuel consumption of the vehicles in a group. A centralized system for controlling the vehicles in a group has been developed using the model predictive control method considering vehicle-aerodynamics and the resistance due to road slopes. The ecological synchronized driving system is simulated on a typical road with up-down slopes for high speed driving. Its fuel saving performance is compared with a conventional vehicle following system. Computer simulation results reveal a significant improvement in fuel economy using the proposed ecological synchronized driving control system.
Introduction
In recent years, environmental issues such as energy-savings and reduction of CO 2 emission are emphasized. In particular, the energy consumption of automobiles accounts for a substantial amount of all transportation sectors. There are various approaches to reduce the fuel consumption of automobiles [1] . Lightweight automobiles and high efficient power train systems are being developed to increase fuel economy. On the other hand, so-called "eco-driving" can also reduce the fuel consumption. Eco-driving can be characterized by the fuelefficient driving style to match various road-traffic situations. For example, the excess fuel consumption caused by acceleration/deceleration can be decreased by avoiding aggressive acceleration, cruising at steady speed and decelerating smoothly with little or no braking. Another factor that causes low mileage is the aerodynamic drag of an automobile during high speed driving. The fuel consumption caused by this factor can be decreased by platooning.
The aerodynamic drag of a vehicle is proportional to the square of the vehicle speed. When a vehicle runs at high speed on the highway, its aerodynamic drag is greater than other resistance. It is obvious that its aerodynamic drag causes high fuel consumption. However, the aerodynamic drag can be reduced by maintaining a short spacing between two vehicles in a platoon. As shown in Fig. 1 , a low pressure area spreads out in the rear of the preceding vehicle. This area can be varied by changing the spacing between the vehicles. If the fol- * Graduate School of Integrated Frontier Sciences, Kyushu University, Fukuoka 819-0395, Japan * * Institute of Industrial Science, The University of Tokyo, Tokyo 819-0395, Japan * * * Graduate School of Information Science and Electrical Engineering, Kyushu University, Fukuoka 819-0395, Japan E-mail: kakuanan@cig.ees.kyushu-u.ac.jp, maskamal@ieee.org, {mukai; kawabe}@ees.kyushu-u.ac.jp (Received August 23, 2012) (Revised January 18, 2013) lowing vehicle runs behind the preceding vehicle with a short spacing, its aerodynamic drag is decreased owing to the improved airflow profile between the vehicles. Furthermore, the aerodynamic drag of the preceding vehicle is also decreased by the smooth airflow [2] . Therefore, the fuel consumption of both vehicles can be reduced by this effect. Many wind tunnel experiments have been conducted to confirm that the aerodynamic drag coefficient of the vehicle can be reduced by platoon driving [3] , [4] . The aerodynamic drag of vehicles in a platoon has been researched [5] . Fuel saving by platooning has been researched by many research organizations such as Research and Innovative Technology Administration -Intelligent Transportation Systems [1] and Partners for Advanced Transportation Technology (PATH) [6] in the United States of America, New Energy and Industrial Technology Development Organization [7] and Japan Automobile Research Institute (JARI) [8] in Japan. The research reports from these organizations say that the platoon driving can surely save fuel of each vehicle in the platoon.
It is difficult to follow the preceding vehicle with a short spacing at high speed by a human driver because of his/her slow reaction time. Automated longitudinal control of the vehicle should be introduced to achieve such platooning. Various conventional longitudinal control systems have been proposed [9] - [12] . These conventional methods can form a platoon and achieve the string stability of the platoon. However, the aerodynamic property of the vehicle related to the varied spacing and the fuel economy characteristics of the vehicles in the platoon have not been considered. In [13] , the knowledge of the shapes of the road along the route of the platoon was taken into consideration, and a balance between the fuel consump-tion and the travelling time was achieved for a single vehicle. In [14] and [15] , control systems that focused on the fuel economy were presented. The ecological vehicle driving behavior of a host vehicle considering the road gradient was obtained. The fuel consumption of the host vehicle was reduced by using model predictive control (MPC). In [16] , [17] , the string stability and the knowledge of the shapes of the road along the route of the platoon were taken into consideration for platoon driving, and a balance between the energy reduction and the travelling time was achieved for platoon driving. However, reduction of the fuel consumption by the aerodynamical effect has not been explicitly considered in these literatures.
To reduce the aerodynamic drag of a preceding vehicle and a host vehicle that are driven at high speed on the highway, a controller that makes the behavior of the vehicles synchronized is proposed. The optimal control inputs of the vehicles for fuel economy can be computed by anticipating the future situations including the vehicle spacings, the vehicle speeds and the road shape. The proposed MPC controller simultaneously optimizes the control inputs of all vehicles for the synchronized driving. It is obvious that the centralized controller that uses all states and characteristic property of the vehicles can be more efficient in the synchronization. We call it the ecological vehicle synchronized driving (EVSD). In this paper, the centralized MPC for an ecological vehicle synchronized driving system is proposed by considering the aerodynamic drag varied by the spacing and using the road shape information known beforehand. Other control laws using the information of the predicted road shapes have been found [16] , [17] . The feature of the proposed control system is optimization using the information of the road shapes. A group consisting of two vehicles is considered for simplification. The dynamical model of the group including the varying aerodynamic drag coefficient depending on vehicles' spacing has been developed. The fuel consumption model based on engine efficiency characteristics has been constructed. For a centralized MPC of the group, a performance index has been established by using the requirements of least fuel consumption and keeping of the group driving. Finally, performance of the proposed control system has been compared with a conventional control system by a computer simulation. The proposed system is found to be more fuel efficient for running over a typical road with up-down slopes.
This paper is structured as follows. In Section 2, control for an ecological vehicle synchronized driving is proposed. In Section 3, the computer simulation results demonstrate the effectiveness of the proposed control system. In Section 4, conclusions are discussed.
Control for Ecological Vehicle Synchronized Driving
During driving in the steady state (constant speed, constant spacing), the fuel consumption for each vehicle in the platoon is same even if the different controller was to be used. On the other hand, the driving behavior of the vehicles is changed in the transient states (acceleration/deceleration, changing spacing, gradient road driving, interruption etc.) if the different controller is used. Hence, the difference of the fuel consumption is observed only in the transient states with the different controller. For reducing the aerodynamic drag related the fuel consumption, the spacing is considered in the controller design instead of the aerodynamic drag coefficient.
In other papers, a platoon driving control system was proposed including an upper level controller for an acceleration command and a lower level controller for a throttle and a brake actuator. The difference between the response of the acceleration and the response of the deceleration will be compensated by the lower level controller [18] . For this reason, we considered the responses of the acceleration and the deceleration is symmetric.
Modeling of the Group
The driving situation is set on the highway with few slopes and few curves. A group consisting of two vehicles is shown in Fig. 2 . Movements of a vehicle in the group in the longitudinal direction can be represented by 
where subscript i is an integer which indicates the i-th vehicle (i = 1, 2) counted from the leading vehicle in the group. Parameters ρ, g, l 1 , m i , A i and μ i are the air density, the gravity acceleration, the length of the preceding vehicle, the mass, the projected frontal area and the coefficient of all the other friction resistance of the i-th vehicle, respectively. Variables d, x i , v i and F i are the spacing between the two vehicles, the location, the velocity and the traction force or the brake force of the i-th vehicle, respectively. Functions f ai , f gi and f μi denote the aerodynamic drag, the grade resistance and all the other friction resistance of the i-th vehicle, respectively. θ(x i ) is the road gradient that depends on the location of the i-th vehicle and needs to be known beforehand. It will be discussed in this section and the next section. C i (d) is the aerodynamic drag coefficient that depends on the spacing. It will be discussed in the next section. A time delay from the input command to the traction force or the brake force is assumed as a first order lag. For example, it is used in [19] . Response of the traction force or the brake force can be represented bẏ
where τ i is the time delay constant. u i is the control input command of the traction force or the brake force. The state equation of the group can be represented aṡ
where x and u are the state vector and the input vector, respectively, and f can be represented by
Formulation Using Model Predictive Control
It is assumed that the state of the group can be observed here. For ecological vehicle synchronized driving, the following criteria aiming at the eco-driving and the group keeping should be considered:
C1 The desired velocity of both vehicles is kept.
C2
The desired spacing is kept.
C3
The rear-end collision should be avoided.
C4
The fuel consumption needed for running with constant velocity should be reduced.
C5
The acceleration and the deceleration should be moderated.
Considering these requirements, the performance index is formulated in the following form:
where T and t denote the prediction horizon and the virtual time, respectively. L is the penalty function, and it is expressed as follows:
where
, L u and L a are the evaluation terms corresponding to C1, C2, C3, C4 and C5 mentioned above. ω v , ω d , ω c , ω u and ω a are their respective weights which are chosen by a designer. For C1, the penalty corresponding to L v is expressed as
where v * is the desired velocity. For C2, the penalty corresponding to L d is expressed as
where d * is the desired spacing. For C3, the penalty corresponding to L c is expressed as
where l d1 and l d2 are parameters. The barrier function used here presents a permitted region of d. When d closes to the boundary value of the permitted region l d1 , the value of the barrier function drastically increases. For C4, the penalty corresponding to L u is expressed using the cruising fuel economy as
where f i , P i and η i are the fuel consumption per unit time, the engine power output and the engine efficiency, respectively. Q = 34.5 MJ/L is the calorific value of gasoline. Although the equation (10) is discontinuous, it will be approximated to a continuous function at the numeral calculation in the next section. Because we consider a situation
where g sin θ is the equivalent acceleration required to run a vehicle on the road with a gradient angle of θ.
relates to the fuel consumption of the vehicle during accelerating. To limit the amplitude of the control inputs, an inequality constraint is introduced as
where u max is a parameter chosen by a designer. The equation (12) can be redefined in the form of equality constraints by introducing a dummy input u d as
The other control inputs constraints can be represented as follows:
In this situation, the equation (14) is redefined by introducing two dummy inputs as
The optimal control problem is formulated as min u J , subject to (3), (13) or (15) .
The Hamiltonian function can be formed as
The necessary conditions for the optimality arė
where the vector λ and ψ denote the co-states and the Lagrange multiplier associated with the constraint, respectively. For the implementation of EVSD, the control input at present time t is determined by solving the optimal control problem (18) . The state x(t) is used as the initial state for (18) over the horizon (t ≤ t ≤ t + T ). The optimal control is determined as a function over the horizon and also depends on t and x(t) as u opt (t ), t ≤ t ≤ t + T . The input to the system is given only by the value of u opt at time t, that is u(t) = u opt (t) [20] . The control law will be discretized for implementation.
Discussion
In this paper, the proposed centralized MPC controller is assumed to be equipped in the leading vehicle of the group. The route from the departure place to the destination is assumed to be decided beforehand by the driver on the vehicle. Then, the road gradient θ(x i ) of this route can be known by using a digital map. One realistic procedure for the proposed control is as follows: the location x i and the velocity v i are obtained by using the GPS and the speed meter equipped in each vehicle respectively. The traction force or the brake force F i can be estimated from the equation (2) . Then, the following vehicle sends its driving information (x 2 , v 2 , F 2 ) and its parameters (m 2 , A 2 , τ 2 , μ 2 and η 2 ) to the leading vehicle by using Inter-Vehicle Communication (IVC) devices. The leading vehicle computes the control inputs for all vehicles in the group. After computation, the leading vehicle sends back the control inputs of the following vehicle by the IVC devices.
Computer Simulation
Computer simulations were conducted to evaluate the performance of the proposed control system. We have proposed two types of the control inputs constraints in the equations (12) and (14) . Because the constraints of the control inputs were not active in the condition of the computer simulation we conducted, the computer simulation results using these two types of constraints were very similar. Therefore, we show the results using the equation (14) 
The weight ω v became large on the slope to keep the speed deviation small. The parameters in the evaluation term L c are set as l d1 = 1.7 and l d2 = 0.522. To limit the excessive acceleration, u max was set as 1.27 m/s 2 . The control law was discretized with a sampling period δ. At each sampling time, the prediction horizon T is discretized from virtual time t = kδ to t = kδ + T , the state of the group is measured, and a sequence of the control inputs {u opt kδ (t )} t =kδ+T t =kδ is numerically computed by solving the above optimal control problem (18) . Only the optimal control inputs corresponding to the current time is used to control the vehicles for an interval of δ, that is, [20] . At the next sampling time, the other previously computed inputs are ignored, and the process is repeated in the same way.
Approximation of Aerodynamic Drag Coefficients
A set of data representing the relationship of the aerodynamic drag coefficient and the spacing obtained from a wind tunnel Table 1 Parameters of C 1 and C 2 in the equation (20 experiments [2] is adopted. By using the seventh degree polynomial representation, the aerodynamic drag coefficient C i can be represented as
where parameters c i1 -c i8 are shown in Table 1 . The approximation results of C i are shown in Fig. 3 .
Fuel Consumption Estimation
The engine power output P i needed for driving a vehicle can be represented by
where P c = 845.825 W is the constant power required when the vehicle is idling. Furthermore, based on the engine characteristics map [21] which shows the relationship among the best driving condition, engine power output and fuel efficiency, the maximum efficiency η i can be presented as a function of the engine power output P i . η i of the engine equipped in the vehicle selected here is matched with the fuel consumption rate of this vehicle on the Japanese 10-15 mode test shown in Fig. 4 . The approximated result of η i using the following polynomial expression is shown in Fig. 5 : ---- Table 3 ----
where e 1 -e 7 are parameters shown in Table 2 . P i is a function of v i ,v i , C i and θ, thus f i can also be regarded as a function of v i ,v i , C i and θ. To calculate the fuel consumption simply, the function f i is approximated by a polynomial expression aŝ
wheref i is the approximation of f i . The fuel consumption caused by the acceleration and the road shape was omitted for reducing numerical calculation. W i is the sigmoid function to make the equation (10) as a continuous function. w 1 = 120 is the parameter. Therefore, the equation (10) is changed as
The parameters b 1 -b 9 off i shown in Table 3 are obtained by using data of f i over the velocity range 0-29 m/s, the acceleration range −0.2-1.0 m/s 2 and the aerodynamic drag coefficient range 0.27-0.35. The parameters b 1 -b 9 can be changed to correspond with different types of the vehicle.
Computer Simulation Results
The altitude and the slope of the road shapes used here are shown in Fig. 6 (a) and (b) . For computational simplicity, sin θ in the equations (1), (11) and (23) was approximated as sin θ ≈ θ, since the road slope was very small. 
whereθ = 0.05, s 1 = 0.12, x a = 700, x b = 900, x c = 1100, x d = 1300, x e = 1500 are the constant parameters. The prediction horizon T was set as 10 s, and the sampling period δ was 0.04 s. Since the dynamical model of the group shown in the equation (3) is nonlinear, a fast algorithm to solve the optimization problem numerically is necessary. Here, the continuation and generalized minimum residual (C/GMRES) method was employed. C/GMRES requires less computational time than iterative methods such as Newton's method, and it can be executed in real-time [20] . The control inputs of the vehicles are discretized for computer implementation.
To evaluate the performance of the proposed EVSD control system, its computer simulation results have been compared with conventional vehicle following control methods. The preceding vehicle has used the automatic speed control device (ASCD) to drive automatically with a given target speed
Two methods have been introduced to represent the control input of the following vehicle. In one method, the control input is shown as follow [22] :
In another method, the control input is shown as follow [18] :
where u CVF i is the control input command of the traction force or the brake force. k a , k p , q 1 , q 3 , q 4 , λ, ξ and ω n were the constant parameters set as k a = 1480, k p = 325.6, q 1 = 1.2, q 3 = 16, q 4 = 0.7, λ = 2, ξ = 1.4, ω n = 0.4, respectively. The parameters were adjusted so that the similar time history of the spacing between the vehicles of EVSD and the vehicles of the conventional vehicle following is set as much as possible. The control inputs were designed so that the control inputs were less than 0.3g. By this way, the acceleration of the vehicles were restricted in a realistic range. The solitude driving (SOL) of a vehicle without the group driving using the same ASCD (26) has also been simulated for comparison.
Effects of synchronized driving
The computer simulations have been conducted to confirm the synchronized driving yielded by the centralized control The fuel consumption and the gasoline mileage of the vehicles at a distance of 800 m using the proposed EVSD control system, the equations (26) and (27) (CVFa for short), and the equations (26) and (28) (CVFb for short) are shown in Table 4 , where improvement rates are calculated as ((CVFa,CVFb)-EVSD)/EVSD. The computer simulation results in terms of the velocities, the spacing, the control inputs, the fuel efficiency and the total fuel consumption using EVSD, CVFa and CVFb are shown in Fig. 7, Fig. 8 and Fig. 9 , respectively. Figure 7 (a) shows that the preceding vehicle of EVSD decelerated slightly at the beginning and ran with low acceleration while the following vehicle accelerated. By this synchronized driving maneuver, EVSD simultaneously controlled both vehicles by predicting their states, and fast convergence of the spacing was achieved as shown in Fig. 7 (b) . Figure 8 (a) and Fig. 9 (a) show that both vehicles of CVFa and CVFb accelerated independently since the preceding vehicle of CVFa and CVFb did not use the information of the following vehicles. By these maneuvers the slow convergence of the spacing were found as shown in Fig. 8 (b) and Fig. 9 (b) . Comparing Fig. 7 (c) with Fig. 8 (c) and Fig. 9 (c) , although the maximum control inputs of the following vehicle of EVSD, CVFa and CVFb were almost same as 2 m/s 2 at the initial time, the control input of the preceding vehicle of EVSD was lower than those of CVFa and CVFb. Therefore, the vehicles of EVSD could save more fuel than those of CVFa and CVFb, and the high fuel efficiency were achieved as shown in Fig. 7 (d) , (e), Fig. 8 (d) , (e) and Fig. 9 (d) , (e).
Effects of the upcoming road shapes knowledge
Performance of the proposed EVSD control system with and without knowledge of the upcoming road shapes have been confirmed (with and without θ INF for short). The EVSD controller without θ INF can be given by setting θ = 0 identically in the equations (11) and (18) . The initial states (t = 0) were set as v 1 (0) = 96 km/h, v 2 (0) = 95 km/h and d(0) = 10 m. The desired driving situations were set as v * = 100 km/h and d * = 2 m. The road shape is shown in Fig. 6 .
The fuel consumption and the gasoline mileage of the vehicles at a distance of 1600 m are shown in Table 5 . From Table 5, it is confirmed that the upcoming road shapes knowledge has influence for reductions of the fuel consumption.
The computer simulation results of the vehicles of EVSD with and without θ INF are shown in Fig. 10 and Fig. 11 . Al- though the driving behavior of the vehicles with and without the knowledge of the upcoming road shapes is same at the beginning (0-15 s), it is different over 15-60 s. From Fig. 10 , the vehicles of EVSD with θ INF slightly accelerated before reaching the uphill and then climbed with deceleration. By this maneuver, the vehicles avoided high values of the control inputs, and ran at the high efficiency on the uphill. Then the vehicles decelerated before reaching the downhill, and then ran down the hill with acceleration. By these maneuvers, EVSD reduced the duration and the magnitude of the braking. From Fig. 11 , the vehicles of EVSD without θ INF drove at the target velocity on the flat road, and tried to keep a constant velocity after slight deceleration during climbing. By these maneuvers, the large control inputs of the vehicles and low efficiency on the uphill could be found. Then the vehicles tried to keep another constant velocity after slight acceleration during the downhill driving. By these maneuvers, long braking time on the down- hill could be found.
Synchronized driving and up-downhill driving
The proposed EVSD control system with knowledge of upcoming road shapes was compared with CVFa and CVFb. Setting of the initial states, the desired driving situations and the road shape are same with those in 3.3.2.
The fuel consumption and the gasoline mileage at a distance of 1600 m using EVSD, CVFa, CVFb and SOL are shown in Table 6 . The values of SOL indicate the fuel consumption when two vehicles drove solely. The total fuel consumed by the two vehicles of EVSD, CVFa and CVFb is less than the fuel consumption of two solitude vehicles since the aerodynamic drag coefficient of the vehicle of SOL was larger than those of the vehicles in the group driving. The proposed EVSD further reduces the total fuel consumption of the two vehicles in comparison with CVFa and CVFb.
The computer simulation results using EVSD, CVFa and CVFb are shown in Fig. 10, Fig. 12 and Fig. 13 , respectively. From these results, it is observed that:
• Synchronization at the beginning (0-20 s): Figure 10 (a) shows that the preceding vehicle of EVSD decelerates slightly at the beginning and runs with low acceleration while the following vehicle accelerates as shown in Fig. 7 (a) . By this maneuver EVSD simultaneously controls both vehicles by predicting their states and fast con- vergence in their spacing is achieved. Figure 12 (a) and Fig. 13 (a) show that both vehicles of the CVF accelerate independently since the preceding vehicle of CVFa and CVFb does not use the information of the following vehicle as shown in Fig. 8 (a) and Fig. 9 (a) . Although EVSD generates the lower values of the control inputs than those of CVFa and CVFb, as shown in Fig. 10 (c) , Fig. 12 (c) and Fig. 13 (c) , convergence of the spacing of EVSD is faster than that of CVFa and CVFb, as shown in Fig. 10 (b) , Fig. 12 (b) and Fig. 13 (b) . Therefore, the effectiveness of the centralized MPC control can be observed obviously. • Prediction of the road shape (20-60 s):
1. Driving over the first uphill (20-30 s): Figure 10 (a) shows that both vehicles of EVSD slightly accelerate before reaching the uphill and then climb with a little deceleration. By this maneuver EVSD avoids high values of the control inputs, and runs at high efficiency on the uphill by predicting the coming road shapes, as shown in Fig. 10 (c), (d) . On the other hand, Fig. 12 (a) and Fig. 13 (a) show that both vehicles of CVFa and CVFb try to keep the desired speed. These characteristics of the driving need high values of the control inputs on the uphill that worsen the efficiency, as shown in Fig. 12 (c), (d) and Fig. 13 (c) , (d) . Therefore the total fuel consumption of both vehicles of EVSD is less than that of CVFa and CVFb on the uphill, as shown in Fig. 10 (e) , Fig. 12 (e) and Fig. 13 (e).
2. Driving over the first downhill (30-40 s): Figure 10 (a) shows that both vehicles of EVSD decelerate before reaching the downhill and then run down the hill with a little acceleration by predicting the coming road shapes. By this maneuver EVSD reduces the duration and magnitude of the braking, as shown in Fig. 10 (c) . On the other hand, Fig. 12 (a) and Fig. 13 (a) show that both vehicles of CVFa and CVFb try to keep the desired speed by aggressive braking over the down hill. These characteristics of the driving waste kinetic energy of the vehicles. Therefore the total fuel consumption of both vehicles of EVSD is less than that of CVFa and CVFb on the downhill, as shown in Fig. 10 (e) , Fig. 12 (e) and Fig. 13 (e).
3. Driving over the second up-downhill (40-60 s): EVSD, CVFa and CVFb show similar patterns in climbing the second uphill and running down the following downhill.
The aerodynamic drag coefficients are shown in Fig. 14 . The aerodynamic drag coefficients of both vehicles of EVSD are reduced significantly as a result of the fast spacing convergence. Therefore, the aerodynamic drags are reduced, and fuel saving is achieved.
The target spacing 2 m in this paper is based on the research reports from JARI and NEDO. We have conducted computer simulations in which target spacings were set as 2 m, 4 m, 8 m and 10 m. The fuel consumption of the vehicles during driving in the target state (v i = v * = 100 km/h, d = d * ) is shown in Table 7 . From this table, it is confirmed that the performance of the fuel saving of the vehicles was deteriorated if large target spacing was set. However, the reduction of the fuel consumption could be found even if the spacing was set at 10 m. In the computer simulation, the maximum computational time of the proposed controller at every sampling time is about 0.032 s using a typical PC (Intel Core2 Duo CPU, 2.2 GHz, 2 GB RAM). Since the maximum computational time is less than the sampling period (δ = 0.04 s), it is considered that the real-time computation is available.
In a case of a platoon consisting of more than two vehicles, aerodynamic drag coefficients of the leading vehicle and the tail vehicle are smaller than those of a group consisting of two vehicles. Aerodynamic drag coefficients of the vehicles running among the leading vehicle and the tail vehicle are reduced further [2] . Therefore, as the number of the vehicles in the platoon increases, the average value of the total fuel consumption of all vehicles is expected to be reduced.
Conclusions
A centralized model predictive control system for ecological vehicle synchronized driving considering the mileage, the aerodynamic drag varied by spacing and the road shape information has been presented. The performance of the proposed EVSD control system was confirmed by the computer simulations. The synchronization obtained by the centralized control has produced the fast convergence of the spacing. The excessive acceleration and deceleration have been avoided by predicting the road shapes. The results revealed the significant improvement of the mileage in comparison with a conventional vehicle following. Since the performance of the proposed control system depends on accuracy of the sensors (digital map, GPS, . . . ), as the future work, influence of the accuracy of the sensors will be considered.
